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SUMMARY

The thyToidal uptake of ¥ClO; and the effect of stable perchlorate ion and |
functional state of the thyroid, such as after long-term administration of |
propyithiouracil (PTT) or after hypophysectomy, on the uptake of *%ClO; .
were studied in rats and guinea-pigs. Based on the analysis of uptake curves, :
radioactive inulin and sulphate spaces, and histological measurements of»
compartmental sizes of the thyroid, the relative concentrations of *ClO7 in
the various coropartments were calculated and compared with those of 3'CJI"
The passage of ¥C10; and €T~ across both the basal and she apical mem- ;
branes of the follicular cells in the different conditions were analysed.
The results suggest that %¥ClO; is concentrated in the lumen of the thyroid
by a two-step process. It is actively transported across the basal cell mem-
brane from the interstitial fluid into follicular cells, and is further concentra- |
ted in passage across the apical membrane into the lumen. The evidence
suggests that the latter process is also an active one. '

INTRODUCTION

Perchlérate is a monovalent anion that completely inhibits active up of
iodide by the thyroid gland. It is also concentrated by the thyroid (Wyn en,
Wright & Ways, 1952; Anbar, Gattmann & Lewitus, 1959; Lewitus, Gutt &
Anbar, 1962; Chow, Chang & Yen, 1969). Thus iodide and perchlorate are probably
transported by the same carrier system. However, the kinetics of its uptake and the
cffect of the stable anion and that of the functional state of the thyroid, such as that
after long-term administration of propylthiouracil (PTTU) or after hypophy: y.
on the uptake of perchlorate by the thyroid gland have not been investigated.

One of the unsolved problems of active anion transport in the thyroid cells Ethe

location of the carrier system in thytoid follicular membranes. Although

basal thyroid cell membrane is the site of the active transport of iodide, it is not glear

oni Pmenz add.ress Departzhent of Buophysea. Nationad Defense Medical Centec, Taxpe:, Tatwan,
nm.
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t \. i whether the inner or apical membrane is also involved. Since perchiorate, unlike
R 3' iodide, is not organically bound by the thytoid gland and does not undergo meta-
L . X bolic changes in the gland (Anbar ¢ al. 1959; S. Y. Chow & L. R. Chang, unpublished

e . * observations), it provides a useful substance for studying the mechanism of active
‘ anion transport by the thyroid gland. Based on a kinetic study of perchlorate uptake
by the thyroid gland and on a comparison of perchlorate distribution with that of
chloride in the stromal, luminal and cellular compartments of the thyroid under
different conditions, the passage of anions across both the basal and the apical
. membranes has been analysed. In addition, methods for ealculating the concentra-
tion of anions in varicus compartments of the thyroid glands are presented.

-
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\ ' AR : | MATERIALS A‘KD METHODS

Ma!e Sprague-Dawley rats and Hartley, guinea-pigs were used. They were main-
tained on. Purina laboratory chow and whter od libitum. Three expenments were

- “M
i
W g b

: performed as follows:
= Ezperiment 1. Two hundred and ten rath (226 +42.) yere used. All animals were
3 functionally u;ﬁﬁmﬁmby ligating #Re remxtpedicle of both kidneys ¥ Fr,
- 1 before they wors killed. They were divide into three groups. In each group, 50 rats
: P received radioactive perchlorate. A KXCIO,solution (0-5 xcfrat) containing a zpecified
P Sjue o amount of stable KCIO, was administered!i p. from 2 to 240 min. before killing the
' L p amimais. Solutions of- K"CIO containingdifferent amounts of stable perchiorate
! were prepared by diluting the stock oactive gsolution and adding adequatie
3 amounts of stable salt to make the final sclution for injection. Twelve rats received
gg cithes [MClinulin (54c), #SO7? (20 uc) or %CI- (0-5 4c) i.p. 2 hr. before being killed,
# The other animals were used for histological measurements and for obtaining the
p oA self-abeorption carrection of radicisotopes in the thyroid and plasma; they received
t T no radioactive compound. Each animal was killed with ether ansesthesia according
1 = to a pre-set schedule. Samples of thyroid glahd and blood were taken for radicactivity
) s 0 studies, and for determinations of water 1nd electrolyte content. Blood was with-
. TR - dmwnfromtheendofthedmendmg je—iritoan_heparinized ayringe.
' . ; and ten hypophysectomized
t "‘;Z e treated with PTU for 2weeks,
C sz 9 dxsscivedmthedmnkmgmter{0-1%),and&ext:memaddedtomake
. e the water sweet. Hypophysectomy was performed ¢ weeks before the experiment.
25 All animals were functionally nephrcctomxzrd as described above 24 hr. before being
'1“3 killed. K¥C10, (0-5 z¢/rat) was administered 1.p. to 72 intact and 36 v
:;; PTU-treated) and ten hypophysectomized fats from 3 min. to 24 hr. before killing.

The other animals (half control and half T-treated) received either [MClinnlin,

38072, or ¥Cl~ or no radicactive compounds, as described for expt L. The z2nirhals

were killed with ether anaesthesia according to the schedule. Thyroid g)and and

: blood samples were taken.

' ‘ . Ezperiment 3. Exghtv-two guxnea-px?m—%-r- 11 g_were used. Haif ‘were treated

y with PTU (0-19, in d.nnkmo wateT) 3 als were frinctionall

_ nephrectomized as was done in ratsa 24 hrj before bemg killed. The experimental
designi with respect to administration of radicisotopes and the time schedule was

2G:€1 NOW 66-p0-Nul
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,A/sam(. as that for expt 2, except the animials were killed in sodium pentobasbitone
.‘anassthesia.

All thyroid and blood samples were prepared, counted, and analysed by procedura
described previously (Chow & Woodbury, 1965).

In each experiment, 24 animals were prepared in exactly the same manner as
were the groups for radioactivity studies. Thyroid glands were isolated, fixed in
Bouin's solution, embedded in paraffin, seetioned at 3-6 i and stained with hgema- -
toxvlin and eosin. Thickness of follicular ceils and diameter of follicles of the stained
thyroid sections were measured by use of a light microscope ( x 440) with the aid of
an eye piece micrometer. Forty follicles from different areas of 6-8 sections were
measured in each animal, The means of the cell and follicular measurements from
each group were taken, and percentages of the volume of the follicalar lumen and
cells were then calenlated on the assumption that follicles are spheres. No corréction

was made for mid-portion section (Chow & Woodbury, 1963). Subsequent ca.lcnla
tions are described in the Appendix.
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The source and specifications of .the radioactive compounds used were as foIIows 5
(Clipotassium perchlorate (sp. aet{: 533 x¢/m-mole) and (ZCINaCl (sp. act. 690 =§
uc/m-mole) were obtained from the jochemical Centre, Amersham, England % §
[*Clearboxy! inulin (sp. act.: 100 £c/28-3 mg.) from New England Nuclear Oorp 283
T.S.A. and [5S]H,SO, in HCI (carrier free) from Tracerlab, U.S. A ; S

. X2

i P>

Uptake of radioactive perchlorate by the thyroid glands of rats X 'i
injected witk stable perchlorate i 3 73

Figure 1 A shows the thyroid uptake curves of %ClO; in rats that received sfhble
perchlorate in doses of 0-005, &1, or 2-0 m-mole KCIO,/kg The ratios of "diO.
in thyroid gland and interstitial fluids were calculated according to the follo

formula and were plotted semilogarithmically as a funetion of time from 2 to 240 min,
after injection of %ClO.

Thyroid gland _ Thyroid activity (counts/min /g.) x plasma H,O (g./ml.) x 0-95
Interstitial ﬂmd Pleama activity (counts/min./ml.)

In Fig. 1A, the sha.pe of thyroid *ClO; uptake curves in rats that received 0-005,
- 01, or 2-0 m-mole KClOkg. is similar. A plateau was reached in all curves at abput
4 hr. after the injection of ¥ClQ;. However, the maximal aptake of #ClO; by
rat thyroid was inversely proportional to the amount of perchlorate received
" the animal: the lower the dose of stable perchlorate, the higher was the (]
uptake. ‘
All three curves could be resolved gapbxcally into two components (Fig. 1B} C
and D). The half-time and zero-time intercept for each component of the mdxndtial
uptake curves are shown on the corresponding curves. The thyroid:intersti
fluid ratios of [4Chnulin, 5072 and s‘Cl" for each group of animals are also presen
in the same figure.
Changes of %ClO; concentration in plasma and thyroid gland with time in the
three groups of rats that received the different doses of stable perchlorate are sh
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in Fig. 2. Both the plasma and thyroid levels of ¥C10; reached maximum at about
8~15 min. after ijection of ¥ClO; and this was maintained for 240 min. The plasma
coricentrations of ¥C107 in all three groups at the same time-period were not signifi-
cantly different, while the thyroid concentration of ¥CIO7 varied markedly.

15 A | ' 8 CIO, 0005 m-molefkg.

Zerc-time intercepz s8-8

.‘
:§ ‘V¢g=3-5 min.
S Zero-time interceptam3t  __ secye
$ ' — 850,
g == [4Clinuiin
-
] T T T 7
3 O  Ci0,~20 m-molefkg.
]
E,
I 250, N o
] mz;na Ny
= | {"C}lmm
= o1 intercepta=0-42 i
oo : ' \:Qs'li min.
P ! Zero-time m:u:epc-o-os
T, =1 min. tum=t min.
Zero-time intercept=0-46 ) : f m w\urup;so-ao
001 T——tl—0 o oy
2815 N 60 120 ,i,? 2815 ” 60 120 29
utes

Fig. 1. Thyroid uptake curves of *C10; ofmiam:vedO—ﬁO&,O-!or!OmamokRClom
k&thothnupuhcmumdnnon:h;;mmph.&ch”ﬂlo aptakcenrve in A is
graphically resolved as indicated in B, € and {see text for sxplanation). {1#C)Inulin, ¥80t,
aad #Cl- spaces of the thyreid glangd in each ¢t are also shown in the corresponding
graphs, In all grapks in this Sgure, ordinates sre thyroid:interstitial Suid rarios of %CIO7;

abacisss, titoe in minutes. Inzhnmdmbutheﬁgw.mhpomtupmnuthewof
Mm;mwmkﬂcdhmmdfuu P38

Uptake of radiogetive pefddorate by and guinea-pig tAyroid glands
tn different ional states
The uptake of *C107 by the thyroid gland of control, PTU-treated, and hypophy-
sectomized rats and of control and PTUitreated guinea-pigs is shown in Fig. 3.
The _thyroid:interstitial fluid %CIO7 ratioh in each group of animals are plotted
semilogarithmically as a funetion of time ffrom 3 min, to 24 hr. after injection of
"C‘IO; {“C}Inuhn 38Q;% and °'CI— spaces of control and PTU-treated rat and

i
!
!
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Perchlorate distribution in thyroid % 211.

thyToid : interstitial fluid ratio of %C1Q; in hypophysectomized rats was much smaller
than that of the other groups of animals and was the same as the thyroid %Cl-

@5% : . » !
: :/M e (Y . o f / :

B . O==0 Thyroid 0-005 m-mole KCIO /ke.

{ C e——¢ Plasma 0-008 m.mole KCIOJkg._ ;

: PO ‘Mmka%??g ;

e1d 7 — 4 a4 Plasma 01 m-mole KCIO, k- :
yroid 20 m-mole KCIO Jig. :

S8 Magma, 2-0 m-mole KCIO Jkg. '

space. : . :
: p - & —0 _-Ill’ il -3
10 if-‘" ' : > 3
! 50 - C : ' $
’ 3 i
. A :
ER -
9 Sy i - __‘—_-;-_;F-_-_-&‘# fowm=g
. ] D o Do ) !
) T 10 ”f:—&._-_-_:?_—:-‘_-__‘._____ S m el fmm
“ 3 " el
S N
S
>
, 'g '

; T — T T 7# 1.
f 2815 2 60 120 240}
: Minutes

Fig. 2. Changes of %C10] concentration in plesma and thyroid gland with time in racs that
received 0:005, 0-1 or 20 m-mole ECIO/kg. Ordinate: percentage of injected dote of "CXP:
Per ml, plasma or per g. of thyroid tissus. Abacitsa: timo in minutes. i

1

In control and PTU-treated rats, the platean in both curves was reached atiabout
4 bz, after the injection of *ClO;, while in guinea.pigs this took about St. Al
| *Cl0; uptake curves in Fig. 3, except that of hypophysectomized rats, copld be
" resolved graphically into two components. Because of limited space they not
shown in the figure. However, the half-time and the zero-time intercept fot each
component of the individual uptake curves are listed in Table 1. In hypophysecto-
. 'mized rats, the thyroid uptake curve of ¥CIO; could not be resolved graphically
- because insufficient data were obtained at the early time-periods.

: DISCUSSION
The uptake curves presented in Figs. 1 and 3 show that %ClO; was concentrated .
by the thyroid gland of normal rats and PTU-treated rats that received smaller
doses of stable perchlorate but not by the thyroid gland of normal rats that redeived
2 m-mole KClIO/kg. and hypophysectomized rats that received 0-05 m-mole RCIO,/
kg. The thyroid:interstitial ‘fuid ¥Cl0; ratio in all groups of animals wagy con-
‘giderably larger than the same ratio for ¥SO72 and [“Clinulin, substances |that,
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respectively, measure the stromal plus luminal volume and $tromal volume of the
thyroid gland (Chow, Jee, Taylor & Woodbury, 1965; Chow & Woodbitry, 1965).
Except in normel rats that received, 2 m-mole KCO,/kg. and in hypophysec-
tomized rats that received 0-05 m-mole KC10,/kg., the #CIO; ratio was also larger
than the *Cl~ ratio. Unlike the actively transported monovalent perchlorate anion,

50 ] Guinkea-pig, chronic PTU -3
]
7
- 10 v
g
7 504 —r 3
5 1 —3
2 34
: - 3
s 3
T3
&
3 10
s
s
2 o5 PSP
-i. -
2
5 ?; & *Ci-, chronic PTU
Rat ¥ Guinaa-pig |9 *Ci~ contro
. e B 50, cheonie PTU
01 - o 50,8, contral
¥ MClinutin, chrenie #TU
v PClinuiin, chml
T Y T T7f
¢s1 2 4 ' | ! 14 24
’ Mours
1

Fig. 3. Thyroid uptake curves of %C107 in control, prapylthiouraeil (PT)-treated and bypo-
Physmctomizad

rats, and of control agd PTT-treated guinea-pigs. [4ClIn

ulin, ¥S0;t, and #C1~

spaces of the' rat and guinea-pig thyroidghn«iezmpzthoaofliypophysectomk-d rats, are
Egure., :

also shown in the same

Table 1. Tke Aalf-time and the 2ero-time

~

Mercept of the two components of the.

¥CW07 uptake curves of rat guinea-pig thyroid glands
Ra$ .Guine:-pig -
’ Control Chronic P’I"? ’ Controi Chrounie PTT A

Fayz component:

Zerostime intercept 1-2 33 12 29

t3(min) 2 P s 5
Slow ompovent ; .

Zaro-timse intercept / 0-3\_ -3 143 33

¢}(min) \3..‘; f 5 180 243

Ses Manerisic andt Mathods for decails of Propyitiioarasil (PTU} treacttens.
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Perchlorate distribution in thyroid
CiQ,” 0-005 m-mole.kg.
Stroma Cell Lumen
Refative »CI0,* 10]615 6-15] 147
concentration 10 |0
1:147 3
e 10014 0-14{ 035
. 10 {68
+|= -+ }
[ KX
. . St my SQmv !
Compsrt el 1Y . - 479 1444
volumes (./. Hzo) [ 74% :
CIO,~ 01 m-male/kg. . '
Stroma Calt Lumen :
|
Relative IO~ 1-010-53 o531 77|}
concentration 10 [1as §t
1:7-7 '
»cr 10} 042 ' o12f10 |!
19({#1 |,
L e —i+ t!
[ X !
55 mv S5mv
Compartmental e 19% . 49Y% +6%4 !
volumes (% HO) e 74% 4
|
QO 20 m-molefkg. §
Stroma Celt Lumen
Relative nuCIO;~ 101047 017{ 14 '
CONRCENTration 10 33
t 1:14 $
Ter 10011 *11{ 10
i 10 | %1
+i— ~i+
. SBmav 58 mv )
Compartmental =224/ — - 4“2 {79
volumes (% H,0) - BY— —_
I-'xg 4. Compuuonoftb.dutn‘buﬁcnd”'GO‘ and "C!‘nthedxﬂ'erent anatomical compart-
‘ments of the thyroid gland of rate thac reeuved 0-005, 0-1, or 2-0 -mole KC10,/kg. See texr
and Appendix for explanation and calkeulstions.

ST

e 0 A oL 0F SO VO LA

2 n WAL ilapvherd bl TS AR

Rl bt 0

RIS RIYS FTU L T AR L R

T % - .. . :
9g:£1 NOW 86—?0-&5[‘




3
g
(

Y

o IAg ww

B AR AL

s e

.

WEYTE- & b

AP RTE sad ™ D

abas

RISy @ AP T

AT RIS

1 VAN
RISTN

't\“'ﬂ t\‘( Y

NUKh Y D
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chloride distributes passively across thyrbid follicular cells in equilibrium with the
transmembrane potantial (Woodbury & Woodbury, 1963; Chow & Woodbury, 1965).
The thyroid:interstitial fuid ¥ClQ; rana of rats that received 2 m-mole/kg. stable
perchlorate was aimost equal to the 2Cl= space. This observation, combined with the
results in hypophysectomized rats and with radicsutographic evidence that %ClQ7
is distributed like %Cl~ in the presence of 5 m-mole/kg. of stable perchlorate (S, Y.
Chow & D. AL Woodbury, unpublished resuits), suggests that, when the sctive
transport process is blocked, perchlorate is distributed passively like chloride across

.thyroid follicular membranes. This is also trué for the monovalent iodide anion

which distributes passively like chloride when its active transport is blocked (S. Y.
Chow & D. M. Woodbury, unpublished observations).

Table 2. Relative concenirations of “Cl,bt and WCT- in variows comparimenis

of rat and guinea-pig glands
Ratios of relative concentrations
Dose of —_— -, - ~
KCi0, Cell: Stroms - Lumen:Stroms Lumen:Cell
Expecimantal (m-mole/ .- - ' - —s N — A~ ~
animal* kg.) fau it e »C1-'  =Qor b ®: g ncior o1~
. . H
Rat 0-003 &15 014, W7 098 240 68
0-0L 22 013 43 g 21-6 rixs
o1 033 0-12 ¢ 77 1-0 145 83
29 017 011 | 14 10 .83 1
012 912 10 10 a3 838
21 018 } 48 10 53 54
8.0 0-38 ; 15 0-78 28 52-.‘. '
46 010 | 41 38 *0 38
58 13-, 140 -85 2¢-0 42

i
* See Matetials and Methods for dou:li of treatment with propylthicuracil.

The overall thyroid : interstitial fuid ratio for %C1Q; does not provide much informa-
tion about the location of the sites of active oF the relative concentrations of
#ClO7 in the three anatomical compartments of the thyroid gland. However, a
compartmental analysis of the uptake curves in different conditions, asin Fig. 1 and

Table 1, together with the messurements of the [“Clinulin and S0 *space and the

sizes of the thyroid gland allows some
ion transport.and the concentrations of

.histolcgieal measurements of compartmen
deductions as to-the site(s) of the active
this anion in the anatomical compartmentd. In all cases, the uptake curve of ¥C107
by the thyroid gland could be resolved intol two components. Since the penetration
of anions into the stromal compartment of the thyroid is rapid and this space occu-
pies only about 209, of the thyroid weight ({**Clinulin space), the first or fast com-
ponent probably represents the rapid penetmation of #CI0O7 into both the interstitial
and the cellular compartments. The cellulaz concentrations can then be calculated
from the zero-time intercept of the fast co t which representsa the amount of
*ClO; in the combined stromsl and cellul compartments. If t.he amount in the

9G:€1 NOW 66-70-NOC
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from histological measurements, the concentmtxon of ¥CIO[ in thyroid cenular' fluid
is obtained, as shown in Fig. 4.

The second or slow component of the uptake eurves probably represents the ra.pxd
passage of ¥ClO; across the apical membrane from the follicular cells to the lumen
and also the slow equilibration of #*ClO7 in the luminal fuid. This value divided by
the hiastologically determined luminal fluid volume gives the concentration of
%107 in the thyToid luminal fluid. The relative 36ClO; concentrations in various
thyroid compartments (interstitial fuid ¥ClO; concentration taken as 1-0) derived
from these caleulations are shown in Fig. 4 for rats that received various doses of
stable perchlorate. The distribution of %CI- in the three different thyroid compart-
ments is also shown in Fig. 4 for the same groups of animals. The ratios of relative
concentration of both %¥ClO; and #Cl~ among the three thyroidal compartments in
these experiments and some of our other observations are summarized in Table 2.
The complete calculations for the relative concentrations of anions in the different
compartments are shown in the Appendix.

In rats that received the smallest dose of stable perchlorate (0-005 m-mole/l.g )
the concentration of ¥Cl0; in the lumen was 24 times higher than that in the cells
and 147 times higher than in the interstitial fluid (see Table 2 and Fig. 4). 'I‘hese
values are in contrast to the thyroid:interstitial Auid ratio for the whole ghnd of
11-9 (Fig. 1A). Thus, %CIO7 is concentrated in the lumen of the thyroid by a two-
step process. Firstly, 3CIO; is actively transported across the basal cell membtzne
from the stromal fluid into the cellular Auid (cell:stroma ratio for %ClO{ was 15
as compared with 0-15 for %Cl~), This process maves the negatively charged
against its electrical gradient of approximately 50 mv (Woodbury & Wmdery

! 1963) since the cell is negatively charged as compared with the stroma_ In the csllu-
lar fluid, *C10;" then passes across the apical cell membrane into the lumen and it is
. farther concentrated during this process. Since the inside of the follicular ce!k is
| npegative to the lumen, the potential difference across the apical membrane, in con-
. trast to that of the basal membrane, drives the *ClO; ineomepoﬁﬁvelychulged
luminal fluid. However, since the ratio between the cellular and luminal ¥ClO7
v concentration was 24 as compared with 6-7 for %#Cl—, it is likely that there is alsa an
active process taking place across the apical cell membrane of the thyroid gland. The ,
., transmembrane potentxa.]s across sach membrane, calculated from the results wit.h
* %Cl- on the basis that it is passively distributed across the thyroid cells, are appmn-
© mately equal to the values determined by direct measurement with glass ultra.mcro-
electrodes (Woodbury & Woodbury, 1963), and this result confirms the pasqwe
nature of C1~ distribution across thyroid cells. .
Since perchlorate i3 a potent inhibitor of the thyroidal transport system, it is hot
: surprising that, when the dose of stable perchlorate is increased, the relative ry
concentrations between the various thyroidal compartments are decrcased and -t
approach those of ¥Cl~ (Table 2). As would be expected, the membrane on the basal :
side of the follicular cell is more sensitive to the blacking effect of perchlorate than
is the membrane on the apieal side.

Treatment with PTU caused an overall increase in the uptake of (107 by the
thyroid gland of rats and guinea-pigs. The increased uptake is probably a ‘
partly of the enhanced effect of the released thyrozd-stxmulatmg hormoze (TSH) (due

|
|
|
!
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216 S. Y. Crow AND D. M. Woobpsery

to impaired synthesis of thyroid hormpnes) on the transport mechanism acroes
thyroid cell membranes. This is indicated by the increase in the zero-timé fntercept
values of the two components of the ”Clb; aptake curves in PTU-treated animals,
However, there was a difference between the rat and the guinea-pig after PTU
treatment. In rats, the increase in zero.time intercept values occurred only in the
fast component, in guinea-pig the values of both components were incressed. Thia
variation may be due to the different changcs in colloid content of the folliculas
lumen after PTU treatment in these species. Based on the %Cl~ resuits, the trans.
membrane potentisls across thyroid follienlar cells decreased (from 54 to 30 mv in
rat and from 63 to 53 mv in guinea-pig experiment) after PTU treatment. The caleu.
lated decrease induced by PTU is in agresment with the observations by Woodbury
& Woodbury (1963) that this drug and TSH markedly decrease the transmembrane
potential as measured directly by glass ultramicroelectrodes.

The mechanism of the effect of TSH to increase C1O; and I- uptake by the thyroid
gland is not clear at present, but a hypothesis thit has some experimental support
can be presented here. It has been shown that TSH increases the permeability of the
thyroid cell membranes to Na+ (Solomon, 1961} and to Cl~ and SO;? (Chow &
Woodbury, 1965), and lowers the transmembrane potential (Woodbury & Woodbury,
1963). The present results show that the overail uptakes of ¥ClI0; by the thyroid
giudmmmdbywdqmomﬁ&a&ammkofchmmcmtmem with PTU
of rats and guinea-pigs. If the half-times of the various components of the uptake
curves are converted to K values (X =!0-693/t}), then the relative permesbility
constant (P) of the various ccmpanents be obtained by taking into account the
volumes (V) in which the ®#ClO] in each ! component are distributed (PzXV). The
resulte show that PTU treatment in the P value of the fast compoment,
which represents passage of ¥ClO; across the basal cell membrane of the thyroid
gland, in both rats and guinea-pigs, but incfea.ses the P values of the slow component,
which represents passage across the apical cell membrane, in guinea-pigs only.
The data also show that the basal cell mengbmnehaaahzgherpameabﬂrty to *Cl07

- than does the apical cell membrane, The increase in permeability to ¥ClO; and

the decresse in traxsmembrane potential, las calculated from %Cl-distribution data
after PTU treatment, would result in an additional amount of this anion entering
the cells passively; this superimposed on the amount present as a result of active
transport across the basal follicular membrane would inérease markedly the con-
centration of ®ClOy7 in the cells. Evidence! that most of the increase in cell ¥CIQ7
after PTU treatment {or induced by TSH}is due to the increased permeability and
depolarization is derived from a comparisop of the distribution of ¥C1~ and #ClO;.
In PTU-treated animals, the increase in celjular 3¥Cl- over control values is 1-95-foid
in rats and 1-3-fold in guinea-pigs; the cgmparable increase in cellular ¥CIO7 is-
2-85-fold in rats and 1-23-fold in guinea-pigs. The increases for both 3(Cl and *C1O;
are very similar, especially in guinea-pigs. Thus, treatment with TSH or PTT does
not have much effect on the active component of the ¥ClO7 transport process in the
basal follicular membrane, and increases nly that portion of the %¥CIQ; that is
passively distributed, by increasing ity and depolarizing the membrane.
The effect of TSE and PTU on at the apicsl fHollicular membrane is

- more compliested becsusw of the different obtaired in rats and guines-pigs.
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As described before, the increased *ClO7 and *Cl- concentration in cells would

enhance the transport rate and thereby increase the concentration of these anions in
the lumen. However, after PTU treatment, the ratios of lumen:cell for both #CI1O;
and 3%Cl~ are decreased in rats and increased in guinea-pigs. This diserepancy in the
two species is probably due to the difference in the colloid content in the follicular
lumen and in their response to PTU. Rats have a much smaller luminal water volume
than guinea-pigs. After PTU administration for 2 weeks, the volume of luminal ]

' water increased in the rat and decreased in the guines-pig. This probiem of the thy-
roid luminal water volume and electrolyte distribution is currently under investiga-
tion.} -

This study was supported in part by grant No. 5-PO1-NB-04553 from the National
Institutes of Health, United States Public Health Service. o
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o The values for the concentration of #ClO in each compartment of the thyroid . }

3 gland (Fig. 4) are calculated from the zero-time intercept values of the two dom-
ponents of the uptake curves shown in Fig. 1B, C, and D. The values for rats that
received 0:005 m-mole KClO/kg. were calculated as follows:

: Zero-time intercept of the fast component ' 31 :
L Zero-time intercept of the slow component 88 e
! ' t Total 11-9 3
( Total thyroid water - 074 :
X [#Clinulin space (stromal volume) 621 .

Follicular water = total thyroid water —[*Clinulin space = 0-33 .

Histologically determined follicular cell volume 839, -

Histologically determined luminal volume 37%
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Assume the follicular cell water content is the same as that of other tissue cells in
the body, i.e. 75 %, Follicular cell water volume = follicular cell water content
x histologically determined follicular cell volume = 0-47. Luminal watef’ volume
= follicular water —cell water = 0+06. {Compared with the volume from the dif-
ference between ¥S0;? {“C}mtﬂm spaces, 0-264~0-210 = 0-054.) Assume -
stromal ¥ClO7 concentration [%CIO7], = 1.0. Amount of #CIO[ in interstitial fuid
= [#Clinulin space x *C107], = 0-21.

If the fast component of ¥ClO[ uptake curve = stromal ¥ClO; + follicular cell

*ClO;, amount of %¥Cl0; in follicular cells = zero-time intercept value of the fast.-.
component —amount of ¥Cl07 in interstitial fiuid = 3:10-0-21 = 2-89. Follicular'-

cell #ClO; concentration *CIO7]. = amount of %¥ClO; in follicular cells/cellulapr

water volume = 2:89/0-47 = &15. If the slow component of ®ClO7 uptake curve °

= luminal #*Cl07, amount of ¥ClO7 in ‘the lumen = zero-time intercept value of -
the slow component = §-8. Luminal ¥ClO; concentration C10;] = amouwnt of-
UCI0; in lomenJuminal water volume = 8:8/0-06 = 147.

The calculations for the ¥ClO7 d.xsm’but:xon in thyroid gland of other groups of
animals were done in the same way. :

The %I~ distribution in different wmpartments of the thyreid gland of rats thsh
received 0-005 m-mole KCIO/kg. were calculated as follows: [*Clinulin space,
6-210; 3507 ? space, 0-264; ¥CI~ space, 0-334. Assume stromal 3#C1- concentration
[*€1~], = 1-0. Amount of %€~ ix mter:tiﬁal fluid = PCI], x *Clinulin space
= 0-21.

The ratic for the concentrations of"a‘mlumentothacmsimma {0) ¢an be calcn-
lated by the following formuls from the data of radioactive sulphate and inulin
spaces and the histological mmmments of the thyroid volumes (unpublished

observations).
(“SO." &paee — [YClinulin s;nee)
m-}.

a] water volume
‘/(0-264—0-21) = 019
= 0-08 )

!

Concentration of *Cl- in lumen P5CI7} ‘ 0-95x1-0 = 0-93.

Amount of ¥Cl~in lumen = (*C1~], x lunjinal water volume = 0-95x 0-06 = 0-057.

Amount of ¥C1~ in follicular cells = totkl 3¥Cl- space —amounta of ¥Cl~ in inter-
stitial finid and in lumen = 0-334 —0-21 —0-057 = (-087.

Concentrations of 2C1~ in follicular cells|[#Cl-], = amount of ¥Cl- in cells/celiular
water volume = 0-067/0-47 = 0-14.

The transmembrane potentials acrosa
apical maembrane (Z,) based on the pasai
Nernst equation are as follows:

e bassl membrane (£,) and across the
re distribution of chloride and using the

B, = —60 logaai e - L g0 iogm - =5lmv.

) 0-95
E‘ 2-501%{-‘—0-132- ‘~8010g0—:—-l4’- — 50 mv.
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